by setting r/= 0. The class of equations which are considered here will be called pseudoparabolic, not only because the problems which are well-posed for the parabolic equation are also well-posed for these equations, but because the generalized solution to the parabolic equation (1.2) satisfying mixed initial and boundary conditions can be obtained as the limit of a sequence of solutions to the corresponding problem for equation (1.1) corresponding to any null sequence for the coefficient q. That is, a solution of the parabolic equation can be approximated by a solution of (1.1).
More statements on the comparison of these problems will appear in the following.
A study ofnonsteady flow of second order fluids [36] leads to a mixed boundary value problem for the one-dimensional case of (1.1) for the velocity of the fluid. In [36 the role of the material constant r/was examined, for this constant distinguishes this theory of second order fluids from earlier ones. This principal result of interest here is that the mixed boundary value problem is mathematically well-posed.
Equations of the form (1.1) are satisfied by the hydrostatic excess pressure within a portion of clay during consolidation [35] . In this context the constant r/ is a composite soil property with the dimensions of viscosity. If one assumes that the resistance to compression is plastic (proportional to the rate of compression), then equation (1.1) results with r/> 0. However the classical Terzaghi assumption that any increment in the hydrostatic excess pressure is proportional to an increment of the ratio of pore volume to solid volume in the clay leads to the parabolic (1.2 For any open set f in R" we shall denote by C"(f) the set of all functions defined on f which have continuous derivatives of all orders up through the integer m.
By C"() we shall mean those elements of cm(f) for which all the indicated derivatives are uniformly continuous and hence have unique continuous extensions to the boundary of fL and we set
The support of a function on f is the closure of the set of points for which the function is nonzero. The set consisting of those functions in C(f) with compact support contained in f is denoted by C(). Each 
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The ellipticity is verified as follows" letting
for all x in G, in R", so aM + L is uniformly strongly elliptic for sufficiently large. As stated above, we shall hereafter assume L is elliptic and that (3.6) is satisfied.
We are ready to obtain the extensions of M and L by means of the LaxMilgram theorem [25, p. 
The construction of B is indicated by Fig. 1 . 13-l(u(x, + 6) u(x, t)) B u(x, t)l
1(6-1(E(6)-I)-B)u(x, t)] <-Csll(6-1(E(6)-I)-B)u(t)llp,
where the constant C depends only on n and cG. Since the group {E(t):t in R} is infinitely differentiable in the uniform operator topology induced by [1" p and its kth derivative is B k. E(t), the last term in the above inequality converges to zero as 6 0. This establishes the differentiability of u(x, t) and the equality --u(x, t) B. u(x, t) t for each x in G. A repetition of this argument will show that u(x, t) is infinitely differentiable with respect to and that its derivatives agree with the corresponding derivatives of u(t) in H(G) N HP(G).
In fact we see that u(x, t) is analytic in t, for the remainder term 6. Asymptotic behavior. We shall investigate the asymptotic behavior of the solution of the problem under consideration. The additional assumptions of symmetry ofthe operators or ofconstant coefficients are reasonable from the standpoint of physical motivation. We shall show in this section that under the appropriate conditions the solution u(t) of our problem decays exponentially along with its derivatives up through a specified order. Furthermore we shall obtain more regularity type results which will imply that if the initial function has a given number of derivatives vanishing on the boundary then the solution has this same property.
Assume throughout the remainder of this section that M is symmetric and that the statements (P1.) and (P2) of 3 are valid. By letting Uo in H(G) be arbitrary, it follows from the strong differentiability of u(t) and the symmetry of the bilinear form B M on H(G) that the real-valued function
7(t) BM(u(t), u(t))
is continuously differentiable and that 1/27'(t) Bt(u'(t), u(t)). ((e-kl/Km)t). But our sufficient choice for given in 3 implies that k/Km Kl/k,, + kl/k,, k/K,,, and this quantity will in general be positive.
In this event we would not be able to show that the solution decayed exponentially for --, oe. An example of this is the case M dZ/dx2, L I and Uo(X) {sinh (x), 0<_x=<1/2; sinh(1-x), 1/2=<x__< 1}. The solution u(x,t)=Uo(x)e in H(G) grows exponentially.
We will obtain some bounds on the higher order derivatives ofthe solution. To do so let us assume that the generalized problem is (k + 1)-smooth, k being an integer >_ 1, and that M and L have constant coefficients.
Our first task is to show that the space H + k(G) is invariant under the group of operators {E(t)}. Since 
The desired estimates on the derivatives of a solution to the generalized problem are now easily obtained. Let Uo be given in H+k(G). Then u(t) E(t)Uo From the inequality (6.5) one can proceed by means of the Sobolev lemma to obtain pointwise bounds on the solution and various derivatives. The smoothness of the problem now depends only on the differentiability of the boundary cG, so the largest number k for which the solution belongs to H / (G) and (6.5) is true when I1 -< k depends on the boundary c3G and the initial function Uo. We shall first prove the following result. LEMMA 7. l. Assume that the (associated homogeneous) problem is 2-smooth and f (t) is strongly continuous in H(G). There is a unique mapping -w(t) of R into H(G) f"l H2(G) with a strongly continuous derivative which satisfies (7.1) 
The continuity and linearity of B then implies that w'(t) Sw(t) + M f (t). Since Lx is bounded we can define for each number the bounded operator E(t) exp (-tL).
It can then be shown that, for those => 0, E(t) converges to an operator S(t) in the strong sense as 2 converges to zero, and that {S(t)'t >= 0} is the desired semigroup.
The relation between the solution of the parabolic problem given by (8.3) This is a very strong result and is used to prove the following existence theorem for the Dirichlet problem. Corresponding results are of course valid for the operator M. We are now ready to study the behavior of L and M on the appropriate function space. Define C +'(cl(G)) as the set of functions in C"+(cl(G)) that vanish on c3G. With the norm I" I,,+, C+(cl(G)) is a Banach subspace of cm+(cl(G)), because convergence with respect to I" I,,+, implies uniform convergence of the function and hence preserves the zero condition on the boundary. From the results stated above for the Dirichlet problem it is immediate that L maps Cg / (cl(G)) onto C'(cl(G)) in a one-to-one manner. From (9.1) it follows that L-is bounded, so from the closed graph theorem it is immediate that L is a linear homeomorphism of Cg / (cl(G)) onto C'(cl(G)). The same is true ofM, so we may conclude that M-1L is a bounded linear operator on Cg +(cl(G)). 
